Aim: Sudden cardiac arrest (SCA) secondary to ventricular fibrillation (VF) may be due to different cardiac conditions. We investigated whether copeptin, hs-cTnT and NT-proBNP in addition to clinical assessment may help to identify the etiology of SCA and yield prognostic information.
Biomarkers in "Out-of-Hospital" Cardiac Arrest inTrODucTiOn Sudden cardiac death (SCD) is a major cause of mortality in industrialized countries. In Europe, the incidence of out-of-hospital Emergency Medical Services (EMS) attended sudden cardiac arrest (SCA) is estimated to 81.6/100,000 person-years, 52.5% of which is presumed to have a cardiac cause (1) . Prior heart disease (HD) is a major risk factor for SCA with an increase in incidence from 0.8/1,000 person-years in subjects without HD to 6.0/1,000 personyears in those with clinically recognized HD (2) . Coronary artery disease (CAD) is the most common underlying HD associated with out-of-hospital cardiac arrest (OHCA), accounting for 65-70% of all SCD (3) . SCA secondary to VF may be the presenting symptom of acute myocardial ischemia or may be a consequence of scarring due to a previous myocardial infarction. Cardiac troponin (c-Tn) is the most commonly used biomarker of cardiomyocyte injury and is considered to be the gold standard for diagnosing an acute myocardial infarction (AMI) (4) . Although earlier detection of AMI may be obtained by the introduction of high sensitivity (hs)-cTn assays, there still remains a troponin-blind period very early after symptom onset (5, 6) with the need for serial blood sampling to diagnose or exclude an AMI (4, 6) . Furthermore, there are challenges related to the specificity of elevated levels of hs-cTn, which also may be due to other mechanisms of myocardial injury (7, 8) . Therefore, measurement of hs-cTn in a single blood draw in the ambulance or at admission may not provide sufficient information for the diagnosis of AMI among patients with OHCA.
Lately, several studies have demonstrated an incremental diagnostic value of copeptin when added to conventional cTn or hs-cTn for early detection of AMI (9, 10) . Copeptin is a 39-aminoacid glycosylated neuropeptide synthesized in the hypothalamus as the C-terminal part of the vasopressin prohormone and is secreted in equimolar amounts to arginine vasopressin (AVP) from the neurohypophysis. The exact function of circulating copeptin is unknown. Circulating copeptin levels have been shown to be significantly elevated during the initial phase of an AMI (5, 6, 9) , most likely as a response to endogenous stress and hemodynamic changes due to myocardial ischemia (6) .
Copeptin levels peak early (0-1 h) after AMI symptom onset and are already increased at the time of first medical contact in the ambulance for patients with both ST-elevation myocardial infarction (STEMI) and non-ST-elevation myocardial infarction (NSTEMI), after which this biomarker will decrease rapidly within 6-12 h (5). Copeptin used in combination with hs-cTn may therefore improve the diagnosis of AMI in very early presenters. Whether this may help to differentiate the underlying cause of SCA, is not known.
Cardiomyopathies are the second largest cause of SCD (11), and 30-50% of heart failure deaths present as SCD. N-terminal pro-B-type natriuretic peptide (NT-proBNP) is a marker of heart failure. It is secreted by cardiomyocytes in response to increased myocardial wall stress due to volume or pressure overload. It has a high negative predictive value in both the acute and non-acute settings (12) .
Identification of factors that precipitate a fatal arrhythmia represent a major challenge. In this study, we hypothesized that the addition of copeptin, hs-cTnT and NT-proBNP would add valuable information with respect to etiology in OHCA-patients.
It is well known that chest pain patients with elevated troponins have a worsened prognosis (13) . Copeptin has also been demonstrated to be a prognostic marker in AMI-patients (14, 15) , whereas the prognostic value of troponins and copeptin in patients experiencing a cardiac arrest (CA) is less known (7, 16) . B-type natriuretic peptide (BNP) has previously been shown to be an independent predictor of long-term mortality after CA (17, 18) , as well as survival to hospital discharge after OHCA of cardiac origin (19) . There is also a well-documented association between BNP and the short-and long-term risk of death in patients with acute coronary syndrome (ACS) (20) . In our study, the objective was to evaluate the prognostic utility of hs-cTnT, copeptin and NT-proBNP in clinically categorized SCA patients. Prehospital blood sampling enabled us to include non-admitted patients without return of spontaneous circulation (ROSC), a patient category which is missed out in previous hospital-based studies.
MeThODs study subjects and Design
From February 2007 until November 2010 we collected EDTAblood from patients >18 years of age with OHCA of assumed cardiac origin, in collaboration with EMS paramedics in the Stavanger region of Norway. All OHCA patients recruited in this study received EMS provided advanced life support according to the 2005 European Resuscitation Council (ERC) guidelines with Norwegian alterations (21) . 20 ml of EDTA-blood was drawn from a venous cannula during-or immediately after termination of CPR. Patients with permanent return of spontaneous circulation (ROSC) were transported to one hospital, Stavanger University Hospital, for further treatment. Patients with ROSC without a prehospital blood sample, were sampled at hospital admission. Informed consent was collected retrospectively. All survivors gave written, informed consent before leaving the hospital. If the patient did not regain consciousness before death, the next-of-kin were asked for consent on the patient's behalf.
OHCA patients with documented VF as the primary heart rhythm were initially divided into 2 groups according to ischemic or non-ischemic mechanisms for SCA. They were further divided into 4 groups based on whether or not they had a history of heart disease. Group 1: SCA with first AMI, Group 2: SCA with AMI and previous MI, Group 3: SCA without AMI and without former heart disease and Group 4: SCA without AMI and with former heart disease. For patients with ROSC the presence or absence of an AMI was determined by applying previous and current clinical information from hospital records and from the Utstein database (22) , by ST-segment analysis of the ECG according to the definition of STEMI (23) or NSTEMI (4), by echocardiography demonstrating findings of hypo-or akinetic regions of the left ventricle, and/or by identification of a culprit lesion by coronary angiography. A 12-lead ECG was recorded in all patients with ROSC, either during transport to hospital or/and at admission. Serial sampling of cTnT during the hospital stay was used to support the diagnosis of AMI. The diagnosis of AMI in non-ROSC patients was based on information of recent coronary-suspected chest pain, obtained from next-of-kin or EMS paramedics, and settled by consensus among the investigators prior to biomarker analyses.
STEMI patients were immediately transported to the catheterization laboratory for coronary angiography, and percutaneous coronary intervention (PCI) was performed according to current guidelines whenever a culprit lesion was identified. Significant coronary artery disease was defined by the presence of diameter stenosis >50%. The extent of coronary artery disease was evaluated by experienced operators during the procedure and later re-evaluated, if in doubt. Comatose patients received hypothermic treatment according to current practice.
Echocardiography was performed as soon as possible after admission, and repeated in survivors during hospitalization, acquiring data related to left ventricular function and valvular disorders.
The present study was approved by the Regional Board of Research Ethics and the Norwegian Health Authorities and conducted in accordance with the Helsinki Declaration of 1975, as revised in 1983.
laBOraTOrY MeThODs
After collection, all blood samples were centrifuged within 24 h at room-temperature or within 48 h of storage in a refrigerator. EDTA-plasma was extracted and stored in aliquots at −70 ○ C until the analyses could be performed. Copeptin, ultrasensitive copeptin, hs-cTnT and NT-proBNP were all measured by standardized methods at the Department of Multidiciplinary Laboratory Medicine and Medical Biochemistry, Akershus University Hospital.
Copeptin and ultrasensitive copeptin were measured with TimeResolved Amplified Cryptate Emission (TRACE)-technology using a Kryptor Compact Plus Instrument (B.R.A.H.M.S GmbH, Thermo Fisher Scientific, Hennigsdorf, Germany). For copeptin the assay has a detection limit of 4.8 pmol/L and a functional assay sensitivity of <12 pmol/L, assessed as interassay precision of 20% CV. Ultrasensitive copeptin has a limit of detection of 0.9 pmol/l and a functional assay sensitivity of <2.0 pmol/L with interassay precision of 20% CV. The cut-off recommended for ruling out AMI at admission is 14 pmol/L for copeptin and 10 pmol/L for ultrasensitive copeptin.
Hs-cTnT (Roche Diagnostics) was measured with electrochemiluminescence immunoassay (ECLIA) on a Cobas e602 device. This assay has a limit of detection of 3 ng/L with a measuring range of 3-10,000 ng/L. Reference limit based on the 99th percentile was >14 ng/L [99th percentile and 10% coefficient of variation (CV)].
NT-proBNP was measured by a "sandwich" ECLIA method on a Cobas e602 device (Roche Diagnostics). A value <35 pmol/L precludes heart failure.
Analyses of creatinine, electrolytes, hs-CRP and lipids were performed along with the hospital`s routine samples. Laboratory personnel performing the analyses were all blinded with respect to categorization of patients. Baseline characteristics for the different groups of SCA-patients are presented as median with interquartile range (25-75th percentile) due to a relative small number of patients in each group. Values for copeptin, ultrasensitive copeptin, hs-cTnT and NT-proBNP are given with both median (with interquartile range) and mean ± SD. The latter was used for comparing Group 1 + 2 with Group 4, applying a one-way ANOVA after log transformation. Group 3 was excluded from analysis due to small group size. We also used ANOVA after log transformation to compare Groups 1, 2 and 4. For the total population, as well as for Group 1 + 2 and Group 4, respectively, the same parameters were compared between survivors and non-survivors using the Mann-Whitney U Test. Non-survivors were defined as death prior to admission or during the hospital stay. Patients were divided into quartiles according to the NT-proBNP values. A Cox regression model containing NT-proBNP was fitted for the analysis of death within 30 days. Hazard ratios with 95% confidence intervals were calculated for each of the higher quartiles against quartile 1. The Kaplan-Meier product limits were used for plotting the times to event and the Log Rank test was used to test for the equality for the survival curves.
Spearman's correlation coefficient was calculated to identify potential pair-wise relations between the different variables. The statistical analyses were performed with the statistical package SPSS version 24.0. All tests were 2-sided with a significance level of 5% without multiplicity adjustment.
resulTs
During the study period, the EMS responded to 787 emergency calls to patients with presumed OHCA. 361 patients suffered cardiac arrest (CA) of assumed cardiac origin, defined according to the Utstein definitions (14) and were eligible for inclusion in this study (24) . We managed to obtain blood samples from 155 of these patients. Retrospectively, a total of 39 patients had to be excluded for different reasons as given in Figure 1 . The final population of 116 patients with OHCA of cardiac origin was further divided into two groups according to the primary heart rhythm recorded by the EMS; 39 patients with asystole or pulseless electrical activity (PEA) and 77 patients with VF (Figure 1) .
The group of VF-patients was classified according to the presence of an AMI. Out of the remaining 74 patients, 53 patients had signs of AMI while 21 patients suffered SCA without signs of AMI. Baseline characteristics of patients with ischemic versus non-ischemic mechanisms for VF are presented in Table 1 . The patients were further divided into 4 groups based on whether or not they had previously known heart disease. 43 patients had SCA as a manifestation of their first AMI (Group 1) and 10 patients suffered SCA as a consequence of a recurrent AMI (Group 2). Among the 21 patients with non-ischemic CA there were three subjects who had no clinically suspected former heart disease (Group 3). The latter group consisted of two males and one female, age ranging from 18 to 54 years, all with preserved EF and one presenting with WPW syndrome, and all surviving to hospital discharge. The number of patients in Group 3 was too low for further statistical evaluation. Eighteen of the non-ischemic CA-patients had evidence of prior heart disease, including coronary artery disease (CAD) and/or congestive heart failure (CHF) (Group 4) (Figure 1) . A separate baseline table for individual groups, excluding Group 3, is presented in Table S1 .
There was a male dominance in all groups. Median age ranged from 50 to 74 years, with the oldest patients belonging to Group 2 and 4. Chest pain was the most frequent symptom prior to SCA in patients diagnosed with AMI, and 66% of AMI was classified as STEMI. All survivors with AMI had findings of CAD by coronary angiography. 1-vessel disease was the most common finding among patients with first time AMI, while 3-vessel disease was more common in patients with recurrent MI. Left anterior descending coronary artery (LAD) was the most frequent infarct-related artery. Patients with known heart disease (Group 2 and 4) had a lower ejection fraction (EF) estimated by echocardiography, a higher rate of mitral insufficiency and were taking more medications than the previously healthy VF-patients. In SCA patients with established heart disease without AMI (Group 4), 83% had a former diagnosis of heart failure and 61% had previous MI.
Blood samples were harvested in 42 patients during resuscitation and in 35 patients at hospital admission, with a median time from CA to blood sampling of 40 and 74 min, respectively. The highest level of hs-cTnT (246.0 ng/L, SD 450.7) was detected in SCA-patients with an AMI (Group 1 and 2) . There was also a substantial release of hs-cTnT (102.1 ng/L, SD 115.1) in non-AMI patients in Group 4, resulting in no statistically significant inter-group difference ( Table 2) . Likewise, we also found high values of conventional and ultrasensitive copeptin in both AMI and non-AMI patients in our study, with no statistically significant difference ( Table 2 ). The only biomarker demonstrating a highly significant difference in this study population was NT-proBNP; Group 4 having a significantly higher mean value of 405.1 pmol/L (SD 569.9) as compared to sca with aMi group 1 and 2 (n = 53) sca without aMi group 3 and 4 (n = 21) Table 3) . Corresponding values reported as median and interquartile range, are given in Table 1 .
P-value
Prior to or early after hospital admission, 33 out of 77 patients (43%) had died, 40% in the ischemic group (Groups 1 + 2) and 43% in the non-ischemic group (Group 4). All 44 patients surviving until discharge were alive 30 days following hospitalization. KaplanMeier survival curves for Groups 1 + 2 as compared to Group 4 are shown in Figure 2 . The survival curve for Groups 1 + 2 was not statistically different from that for Group 4 (Log-rank test; p = 0.384). Patients suffering from their first MI had the lowest mortality rate with 65% surviving to discharge. For patients with known heart disease (Group 2 and 4) the mortality rates were 60 and 50%, respectively. Survival curves for each separate group are shown in Supplementary data, Figure S1 . Among the given clinical risk factors (Table 1) , the history of diabetes was found to be associated with a high mortality rate, as 7 out of 9 of these patients died.
In a subgroup analysis, we compared the levels of copeptin, hs-cTnT and NT-proBNP, respectively, in survivors and nonsurvivors in the total population, as well as for patients with (Group 1 and 2) and without an AMI (Group 4). Levels of ultrasensitive copeptin, conventional copeptin and hs-cTnT did not differ between the two outcomes. Survival curves for conventional copeptin (logrank test p-value = 0.398) and hs-cTNT (log-rank test p-value = 0.287) are presented as Supplementary Figures S2, S3 , respectively. In the total population, however, NT-proBNP was significantly elevated in non-survivors, with a median value of 86.3 (27.2-189.3) pmol/L as compared to 29.9 (11.3-99.0) pmol/L in survivors (p = 0.024) ( Table 4) . Survival curves for NT-proBNP quartiles in the total population are shown in Figure 3 . The hazard ratio for quartile 4 compared to quartile 1 was 5.37 (95% CI 1.51-19.16); P = 0.010. The HR for quartile 2 was 4.08 (CI 1.12-14.9); p = 0.033, and for quartile 3 the HR was 2,83 (CI 0.75-10.7); p = 0.125. Within-group analysis demonstrated a statistically significant difference in NT-proBNP with respect to survival when combining Group 1 and 2 (p = 0.038), whereas no within-group difference was found in Group 4 ( Table 4) .
There was no rank correlation between ultrasensitive or conventional copeptin and hs-cTnT, neither for hs-cTnT and NT-proBNP. Furthermore, we performed scatter plots for hs-cTnT versus ultrasensitive copeptin (Figure 4) , remaining scatter plots are displayed in Supplementary data Figure S4 , S5.
DiscussiOn
During our study period, the EMS responded to 787 cases of presumed OHCA in the Stavanger-region and a resuscitation attempt was started in 610 of these (24), yielding an annual incidence of 52 EMS-assisted OHCA cases per 100,000 inhabitants, out of which 59% were assumed to be of cardiac origin. Thus, the population from which our final study participants were recruited seems to be highly representative of the general Norwegian OHCApopulation (25) . The higher proportion of VF (66.4%) in our study as compared to the 26% reported for the total Stavanger population by the Norwegian Cardiac Arrest Registry (25) is likely due to more frequent blood sampling among ROSC as compared to non-ROSC patients. This might also explain the high percentage of survival (57%) among our OHCA-VF patients as compared to the 30 days' survival rate of 44% for the total Norwegian population (25) which is even higher than the survival rate of approximately 23% in the general European population (1) .
We recorded high levels of both conventional-and ultrasensitive copeptin in both ischemic and non-ischemic groups, probably due to the fact that copeptin is a marker for AVP release, a stress-hormone which is shown to increase markedly in patients resuscitated from SCA (26) . SCA is a severe stress condition with circulatory collapse and global hypoxia, by which the hypothalamic-pituitary-adrenal axis is activated through various mechanisms, explaining the TaBle 2 general increase of copeptin in our VF-patients and the lack of discriminatory utility with respect to AMI. Hs-cTnT was found to be elevated in both ischemic and nonischemic patient groups, with a statistically non-significant trend toward a higher mean value in AMI-patients. In the FINNRESUSCI study, Røsjø et al. 2014 (7) found that admission levels of hs-cTnT were higher than the 99-percentile of the general population (14 ng/L) in all OHCA-VF/VT patients. As only 26% of patients in the two highest quartiles of hs-cTnT had a coronary angiography performed and only 17% underwent percutaneous coronary intervention (PCI), that population most likely consisted of patients with various mechanisms underlying the OHCA event, supporting the hypothesis of CPR leading to elevated levels of cardiac markers, irrespective of underlying cause.
In our study, we obtained only one blood sample in conjunction with CPR, with a median time from symptom onset to blood sampling of only 1,35 h, and we may have missed the peak values of hs-cTnT in patients with AMI. However, Oh SH et al. 2012 (8) demonstrated in a small OHCA study that the admission value of cTnI in SCA-patients with AMI did not differ as compared to SCA-patients without AMI, lending support to our results.
Neither ultrasensitive or conventional copeptin, nor hs-cTnT were found to differ significantly between survivors and nonsurvivors in our study ( Table 4 ). In the FINNRESUSCI study by Røsjø et al. 2014 (7) , admission hs-cTnT levels did not differ statistically between hospital non-survivors and survivors, and did not yield independent prognostic information at 1 year follow up in OHCA-VT/VF patients. In the main FINNRESUSCI study population, admission levels of copeptin were higher in patients who died in the intensive care unit (ICU), but were not predictive of 12 months survival. (16) . These findings differ from those in the setting of AMI, in which copeptin has been found to be an independent predictor of adverse events following both STEMI (14) and NSTEMI (15) . We harvested blood samples very early in the course of SCA, during which elevated levels of copeptin most likely will reflect the stress response associated with CA, rather than hemodynamic instability signaling a poorer prognosis after ROSC, such as in samples harvested up to 6 h after hospital admission in the FINNRESUSCI population (16) .
In our study, VF-patients with established heart disease without AMI had a significantly higher level of NT-proBNP as compared to AMI subjects (ischemic group). In the former group, 83% of patients had a previous diagnosis of heart failure, a well-known risk factor for ventricular arrhythmias and SCD. Both BNP and NT-proBNP have been demonstrated to be useful diagnostic tools to rule out both chronic and acute heart failure (12) . Previous studies have also shown that AMI alone causes an increase in circulating BNP levels (27) , and Sabatine et al. 2004 (28) found an immediate rise in circulating BNP levels associated with transient myocardial ischemia during exercise stress testing. Elevation of BNP levels during myocardial ischemia may reflect increased regional ventricular wall stretch due to impaired myocardial relaxation and contractility. However, little is known about the behavior and prognostic utility of natriuretic peptides during a SCA event.
In a FINNRESUSCI substudy (17) , serial measurement from baseline (<6 h following OHCA-VT/VF) up to 96 h after admission showed an increase in NT-proBNP. Patients with prolonged time to ROSC and high values of hs-TnT on admission had the highest level of NT-proBNP after 24 h, reflecting outcome in that study. In that setting, increased NT-proBNP values may be related to post resuscitation cardiogenic shock, rather than being a consequence of the CPR itself. This assumption is supported by the findings from a Japanese study, in which BNP was significantly lower in non-cardiac as compared to cardiac OHCA (29) .
NT-proBNP in our study was measured in blood samples drawn very early in the course of CA, most likely reflecting the underlying heart disease, rather than CPR per se. This assumption is supported by the low levels of NT-proBNP in SCA patients without former heart disease (28.2 pmol/L in Group 1) which are well below the rule-out level of 35 pmol/L for acute heart failure (12) . The low levels in AMI patients without previous heart disease (Group 1) indicates negligible influence of ischemia on NT-proBNP during OHCA.
Furthermore, we demonstrated a significantly higher NT-proBNP among non-survivors as compared to survivors, both in the total study population and in AMI patients, which is in accordance with BNP's utility as an independent predictor of long-term mortality (17, 18) , and of survival to hospital discharge after OHCA with VF/VT as the initial rhythm (19) . Admission levels of NT-proBNP were also significantly higher in nonsurvivors as compared to survivors in a study by Smit et al. 2015 (30) , although not predictive of 28 day-mortality, but that study included all-comers with a cardiac arrest, and patients with a nonshockable rhythm might have cancelled the prognostic utility of NT-proBNP.
In our study, NT-proBNP also served as an independent predictor of mortality in patients with OHCA and AMI, as previously shown for BNP and NT-pro BNP in relation to shortand long-term risk of death in patients with ACS (20) , and in samples collected as early as 6 h from symptom onset in patients with AMI (31). Our findings are supported by those of Galvani et. al. 2004 (32) who measured NT-proBNP in samples harvested median 3 h after symptom onset in ACS.
sTrengThs
The main strength of our study is the sampling of blood at a very early stage after the occurrence of OHCA and includes nonadmitted patients without ROSC, a patient category which is missed out in previous hospital-based studies. Furthermore, the initial cardiac rhythm was recorded in all our patients, enabling us to select VF-patients for analysis.
liMiTaTiOns
Unfortunately, there was a selection bias due to unbalanced blood sampling in the ROSC and non-ROSC group of patients, and our study is limited to short-term observation of outcome. Recruitment was restricted to the largest ambulance centers in the area located closest to the hospital and to the medical support helicopter. It also required enough trained study personnel and timely delivery of blood samples within 24 h. Furthermore, samples were not obtained after death was declared by the "on-scene" physician.
As death during the first 30 days in patients surviving OHCA usually is related to complications, traditional multivariable analysis was not performed.
cOnclusiOn
Copeptin and hs-cTnT collected during or immediately after resuscitation were not found to be useful for the diagnosis of AMI or for prediction of survival in the OHCA-VF setting, whereas NT-proBNP provided both diagnostic and prognostic information.
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